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ABSTRACT
Two of TESS’s major science goals are to measure masses for 50 planets smaller than 4 Earth radii
and to discover high-quality targets for atmospheric characterization efforts. It is important that
these two goals are linked by quantifying what precision of mass constraint is required to yield robust
atmospheric properties of planets. Here, we address this by conducting retrievals on simulated JWST
transmission spectra under various assumptions for the degree of uncertainty in the planet’s mass
for a representative population of seven planets ranging from terrestrials to warm Neptunes to hot
Jupiters. Only for the cloud-free, low metallicity gas giants are we able to infer exoplanet mass from
transmission spectroscopy alone, to ∼10% accuracy. For low metallicity cases (< 4× Solar) we are
able to accurately constrain atmospheric properties without prior knowledge of the planet’s mass. For
all other cases (including terrestrial-like planets), atmospheric properties can only be inferred with a
mass precision of better than ±50%. At this level, though, the widths of the posterior distributions of
the atmospheric properties are dominated by the uncertainties in mass. With a precision of ±20%, the
widths of the posterior distributions are dominated by the spectroscopic data quality. Therefore, as a
rule-of-thumb, we recommend: a ±50% mass precision for initial atmospheric characterization and a
±20% mass precision for more detailed atmospheric analyses.
1. INTRODUCTION
NASA’s Transiting Exoplanet Survey Satellite (TESS )
has already identified fruitful targets for atmospheric
characterization with Hubble as well as the James Webb
Space Telescope (JWST ). In addition to providing tar-
gets for atmospheric characterization, one of TESS’s
Level One science requirement is to measure masses
for 50 transiting planets smaller than 4 Earth radii.
Ground-based follow-up campaigns are well-underway,
and the question arises: how precisely do observes need
to determine a planet’s mass in order to robustly charac-
terize the atmosphere? Setting quantitative guidelines
on mass precision and accuracy via simulations will help
us avoid wasting precious time on ground-based facili-
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ties. Such guidelines will be relevant to future missions
as well such as PLATO.
A full suite of ground based radial velocity facilities
are already working together to optimize science yield
for these detection missions. Yet, obtaining masses, es-
pecially for low-mass planets, is technically challenging
and time intensive for both transit timing variations and
radial velocity techniques.
Generally, masses are obtained before atmospheric re-
connaissance. However, a tension exists between the de-
sire to study the atmospheres of recently discovered exo-
planets and the goal of carefully vetting and selecting the
optimal set of planets for such studies. Currently, there
is no clear standard as to how precise planet masses
should/need be before in-depth atmospheric studies.
Figure 1 shows the exoplanets for which mass mea-
surements have been obtained, along with the uncer-
tainty of each mass measurement. The majority of plan-
ets with mass measurements with worse than 10% un-
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certainty are greater than 0.1 MJ. However, even large
planet masses (>0.1 MJ) are sometimes are only precise
to ∼50% or greater.
Previous work using a retrieval framework suggested
that the mass of a transiting exoplanet could be directly
inferred from its high signal-to-noise (SNR), JWST -
like, transmission spectrum alone (e.g. de Wit & Seager
2013). The method leverages the effect of the planet’s
surface gravity on the atmospheric scale height, which in
turn influences the transmission spectrum. Later, for-
ward models of smaller R=1.5R ⊕-sized planets from
Batalha et al. (2017a) demonstrated that degeneracies
exist between transmission spectra of planets with dif-
ferent masses and compositions, making it difficult to
unambiguously determine the planets mass and compo-
sition in many cases.
While the specific role of uncertain mass measure-
ments has not been well-explored, there has been a
rich literature on the role of degeneracies in interpreting
transmission spectroscopy, ranging from semi-analytical
studies (e.g. Des Etangs et al. 2008; Heng & Kitz-
mann 2017) to retrieval analyses (e.g. Benneke & Seager
2012; Benneke & Seager 2013; Line & Parmentier 2016;
Be´tre´mieux 2016; Be´tre´mieux & Swain 2017; MacDon-
ald & Madhusudhan 2017; Welbanks & Madhusudhan
2019). For example, Benneke & Seager (2013) investi-
gated degeneracies between mean molecular weight and
cloud top pressure, and Heng & Kitzmann (2017) & Wel-
banks & Madhusudhan (2019) focused on the degener-
acy between radius, reference pressure, and composition.
Despite these comprehensive analyses, little work has
been done to study the effect of measured mass uncer-
tainty on retrieved atmospheric parameters in a system-
atic way. We aim to answer three specific questions:
1. To what level of precision (if any at all) do mass
measurements need to be made for robust retrieval
of atmospheric properties?
2. Does this level of precision vary by planet size or
by atmospheric metallicity? Does it vary accord-
ing to the precision attained on the transmission
spectrum?
3. Given poor to no initial mass measurement (i.e.
upper limit), could our knowledge of mass be im-
proved from transmission spectroscopy alone?
2. METHODS
The sample of planets explored in this work (shown in
Figure 1), was chosen to cover a large parameter space
in stellar properties (stellar type and magnitude), planet
properties (planetary radius and mass), and known at-
mospheric properties from Hubble spectroscopy (tem-
perature, metallicity, degree of cloud and scattering ex-
tinction). Table 1 shows the full list of planets with
the most relevant planet and star properties, JWST
observing strategies, and atmospheric properties used
for forward modeling. Our population consists of three
hot Jupiters (WASP-17b, HAT-P-1b, WASP-12b), three
Neptunes/sub-Neptunes (HAT-P-26 b, GJ 436b, GJ
1214b) and one temperate rocky planet (TRAPPIST-
1e).
For each of the seven cases we create transmission
spectra that are consistent with existing Hubble WFC3
G141 spectroscopy from 1.1−1.7 µm (citations in Table
1, data in grey in Figure 1). Then we use those mod-
eled transmission spectra to create full JWST synthetic
observations, spanning 0.7-5 µm. These synthetic ob-
servations are then used within a retrieval framework
to determine how well atmospheric properties can be
inferred. We emphasize the goal of this work is not to
conduct a uniform retrieval analysis of all these systems.
We only strive to be consistent with existing analyses
from Hubble WFC3 observations (demonstrated in Fig-
ure 1).
2.1. Modeling Transmission Spectra
Our model (CHIMERA Line et al. 2012; Line et al. 2013,
2014) takes in as input, planet and stellar properties,
correlated-K opacities, a pressure-temperature profile,
chemical abundances, and cloud properties.
Our pressure-temperature (PT) profiles are chosen to
be consistent with previous retrieval studies. We assume
isothermal profiles (Tiso in Table 1) because our aim is
only to study the effect of mass uncertainty on retrieved
atmospheric profiles and our focus is only on trans-
mission spectroscopy, which is less sensitive to the full
PT profile. Even though isothermal profiles have been
shown to bias retrieved molecular abundances (Roc-
chetto et al. 2016), this assumption will not impact our
results. To ensure this, we check our results by using
the 5-parameter PT profile parameterization from Guil-
lot (2010).
We assume that clouds are not wavelength-dependent
across the wavelengths explored here (1-5 µm). We
model this grey cloud opacity with an abundance-
weighted cross section (κcld in Table 1, log m
2/particle).
This simple methodology has been widely used to repro-
duce the cloud behavior of hot Jupiters (e.g. Sing et al.
2016; Fisher & Heng 2018), and within the CHIMERA
framework (Schlawin et al. 2018).
Initial chemical profiles for all the planet cases besides
TRAPPIST-1e are computed using the chemical equilib-
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Figure 1. The left hand plot shows the precision of measured masses for the sample of known exoplanets as a function of
their best-fit mass. The vertical dashed line indicates 1 Earth mass. The right hand plot shows published Hubble data in grey
and simulated JWST data (from this work) in color for seven representative planets that we study in detail in this paper. The
same seven planets’ masses and associated uncertainties are also plotted in the lefthand panel using the same color scheme.
Main Point: This group of objects covers a diverse set of planet type, ranging from terrestrial-sized, to sub-Neptune, and hot
Jupiters.
Planet Hubble Dataa MJup RJup Tiso[K]
b M/Hc logκcld
d K mag R nocce σR=100 f
WASP 17b Mandell et al. (2013) 0.78 1.87 1755 1×Solar -31 10.2 1.49 1 35
HAT-P-1b Wakeford et al. (2013) 0.525 1.319 1322 1×Solar -30.5 8.9 1.17 1 30
WASP 12b Kreidberg et al. (2015) 1.31 1.82 1400 1×Solar -29.5 10.2 1.17 1 45
HAT-P-26b Wakeford et al. (2017) 0.06 0.55 990 4.15×Solar -29 9.6 0.87 1 40
GJ 436b Knutson et al. (2014) 0.07 0.37 686 400×Solar -28 6.1 0.46 2 20
GJ 1214b Kreidberg et al. (2014) 0.0197 0.254 547 1000×Solar -27.5 8.8 0.22 3 20
TRAPPIST-1e de Wit et al. (2018) 0.002 0.081 250 90% H2O, 10% H2 -26 10.3 0.12 5 35
aHubble data and characterization paper used to callibrate forward models and JWST simulations shown in Figure 1
bIsothermal temperature used for forward models based on characterization paper
cAtmospheric metallicity used for forward models based on characterization paper, when possible
dGrey cloud opacity with an abundance-weighted cross section in units of log m2/particle
eNumber of transits per observation mode used for JWST simulations
fR=100 precision, in units of ppm, at 1.4µm of JWST simulation, including all transit observations
Table 1. Case Studies
rium model grid1 described in detail in Schlawin et al.
(2018). Briefly, the chemical equilibrium grid was com-
puted using CEA (McBride & Gordon 1996) for a range of
metallicities (0.03-1000×Solar), carbon-to-oxygen ratios
1 ExoCTK CHIMERA Chemistry grid
(C/O = 0.1-2), temperatures (300-3000 K), and pres-
sures (250 bars - 0.1 µbars).
For all chemical equillibrium cases we assume solar
C/O=0.55. The metallicities were chosen to remain
consistent with retrieved results from the observation
studies shown in Table 1, when possible. For GJ 436b,
and GJ 1214b, whose Hubble WFC3 observation present
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no spectral features, we chose medium (400×Solar) and
high (1000×Solar) metallicities, respectively, in order to:
1) remain consistent with the flat behavior of the Hubble
WFC3 observations and 2) explore the effect of a range
of mean molecular weights, similar to the methodology
of Greene et al. (2016) and Schlawin et al. (2018). The
grid produces abundances for various species including
C2H2, CH4, CO, CO2, H2O, H2S, HCN, Na, K, VO,
TiO.
We account for the opacities of all of these, including
H2-H2, H2-He collision induced absorption. Using the
opacities originally described in Freedman et al. (2008,
2014) and Lupu et al. (2014), we use the resort-rebin
method described in Amundsen et al. (2017) to compute
correlated-K tables at R=100.
Lastly, for TRAPPIST-1e, which has no detectable
spectral features in the Hubble WFC3 bandpass, we
choose a mixture of H2O and H2 (90%/10%) similar to
Batalha et al. (2017a) and Greene et al. (2016). Given
the low mean molecular weight of H2O as compared to
a more Earth-like or a Venus-like atmosphere, the ab-
solute magnitude with which we retrieve the molecular
abundance for the TRAPPIST-1e case will likely be op-
timistic compared to previous retrieval analysis of ter-
restrial atmospheres (Barstow & Irwin 2016; Benneke &
Seager 2012; Krissansen-Totton et al. 2018).
2.2. JWST Simulations & Retrieval Framework
We use PandExo (Batalha et al. 2017b) to simulate
“typical” JWST observations for each case. A precision
that would exceed the noise floor, or that would inhibit
basic atmospheric characterization would not allow us
to determine the effect of mass precision on retrieved
parameters. We ensure our results are insensitive to
the number of transits by spot-checking cases with ±2
transits.
All targets except TRAPPIST-1e are simulated with
both NIRISS SOSS and NIRSpec G395H to maximize
spectral information content (Batalha & Line 2017). For
both SOSS and G395H we choose the duty cycle based
on an 80% full-well saturation level. The R=100 pre-
cision, σR=100 at 1 µm is shown in Table 1. We give
all hot Jupiters a single transit per visit. GJ 4346b and
GJ 1214b are given 2 and 3 visits per observing mode,
respectively, in order achieve the plausible JWST noise
floor (20 ppm Greene et al. 2016) and the precision of
the current WFC3 observations (Kreidberg et al. 2014;
Knutson et al. 2014). Note that the noise floor was only
used to guide number of transits, not in the simulations
themselves. Lastly, for TRAPPIST-1e, whose host star
is relatively dim, we use 5 transits of NIRSpec Prism
yielding a precision of ∼35 ppm across 1-5 µm.
From the simulated JWST observations we use the
open-source Nested Sampler, dynesty (Speagle 2019)
to conduct retrievals. For all cases we retrieve isother-
mal temperature, metallicity, C/O ratio, reference ra-
dius, cloud cross section, haze power law and haze cross
section, and mass in some cases.
The reference radius, xRp, is defined as a scaling
factor to the reported radius from transit observation
(Rp), which we arbitrarily define at 10 bars. The prior
on this scaling factor is broad and uniform from 0.5-
1.5. Altitude-dependent gravity is then computed in the
model using the mass, and the scaled reference radius
multiplied by the reported radius from transit studies.
For the highest metallicity cases (TRAPPIST-1e and
GJ 1214b) we directly retrieve abundances as opposed
to using the chemical equilibrium grid, which stops at
1000× Solar. For all these properties we use broad uni-
form priors.
3. RESULTS
For each case we start by retrieving atmospheric prop-
erties with a known mass measurement (i.e. disregard-
ing mass as a free parameter entirely). Then, we in-
clude mass as a free parameter with a uniform prior of
±20%, ±50%, and ±100% the true mass value. Finally,
we test the case of “unknown” mass, which we assume
to be 0.1-30 MJup, 0.5-30 M⊕, and 0.1-30 M⊕ for the
Jupiter-sized, Neptune-sized and terrestrial-sized plan-
ets, respectively. We compare each case by looking at
the 2-σ constraint interval and the mean of the retrieved
posterior distribution, which we refer to as the precision
and accuracy, respectively.
3.1. WASP-17b, HAT-P-1b, WASP-12b, & HAT-P-26b
First we start with the three Hot Jupiters: WASP-
17b, HAT-P-1b, and WASP-12b. While all three sys-
tems were modeled with the same metallicity (1× Solar),
the three had increasing levels of cloud cross sectional
strength (log κcld = -31, -30.5, and -29.5, respectively),
and different temperatures and gravities. Figure 2 shows
a subset of the retrieved posterior distributions for tem-
perature, metallicity, reference radius and mass for the
case with a known mass (shaded), and the case with un-
known mass as a free parameter (line). We do not show
the intermediate cases with priors of ±20-100% the true
mass value because for these three planets, the retrieved
precision and accuracy of the atmospheric parameters
are statistically indistinguishable (within 1σ). This cor-
roborates the analysis of de Wit & Seager (2013) who
was also able to retrieve atmospheric properties of hot
Jupiters with unknown mass.
Similar to Welbanks & Madhusudhan (2019) we do
not find a significant degeneracy between reference ra-
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Figure 2. Retrieved posterior distributions for the three hot Jupiters (WASP-17b, HAT-P-1b, and HD 189733 b) and the hot
Neptune (HAT-P-26 b). The four retrieved parameters shown here (temperature, metallicity, reference radius, and mass) are a
subset of the full state vector. All posteriors are shown relative to the true value. The shaded posteriors are for the retrieval
cases where mass was fixed to the known value and the lines are when mass was a free parameter. Main Point: For the hot
Jupiters, we find that the constraint on the atmospheric parameters is not largely dependent on whether or not mass is included
as a free parameter.
dius and atmospheric parameters. We do find a degen-
eracy between reference radius and mass that leads to
slightly overestimated mass constraints for two of the
hot Jupiters (+6.6% for WASP-17b and +5.8% HAT-
T-1b), and underestimation for the third hot Jupiter
(−-12.5% for WASP-12b). This degeneracy is not sur-
prising given g = GM/R(z)2 and any offset in reference
radius leads to a slight offset in retrieved mass.
Out of the three hot Jupiters, WASP-12b is the case
with the highest degree of cloud coverage. This leads
to spectral features that are highly muted, relative to
WASP-17b and HAT-P-1b. Cloud-coverage is a well-
documented effect that can sometimes impede precise
retrievals of atmospheric parameters (Be´tre´mieux 2016;
Be´tre´mieux & Swain 2017; Line & Parmentier 2016;
MacDonald & Madhusudhan 2017). Therefore, WASP-
12b exhibits wider retrieved posteriors for temperature,
metallicity, reference radius, and mass, as shown in Fig-
ure 2, relative to the other two hot Jupiters.
Figure 2 also shows the case for hot Neptune HAT-
P-26b. HAT-P-26b has a slightly enhanced metal-
licity (4×Solar) compared with the hot Jupiter-cases
(1×Solar) and warm-Neptune-cases (>400× Solar).
Therefore, it offers an opportunity to determine the
effect of small changes in metallicity on the widths of
the retrieved posterior distributions of mass, reference
radius and the atmospheric parameters. While the
precision of the retrieved metallicity and temperature
distributions is not affected by an unknown mass, the
accuracy of both are slightly degraded. Additionally,
the accuracy and the precision of the retrieved reference
radius are both highly impacted by the unknown mass.
The +4% overestimation of the reference radius leads to
a +20% overestimation of the mass. This degeneracy be-
tween mass and radius was seen as a minor effect in the
hot Jupiter cases where metallicity was fixed at 1×Solar.
This foreshadows higher mean molecular weight as a po-
tential inhibitor to constraining atmospheric properties,
including mass, when mass is unknown.
3.2. GJ 436b & GJ 1214b
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Figure 3. Retrieved posterior distributions for GJ 436b and GJ 1214b. Dashed black lines indicate the true value. Horizontal
colored lines show 2σ constraint intervals. All posteriors are normalized to the same value. In the right most column, the shaded
region shows the mass a priori value used. The slight preference toward lower temperature and metallicity is a result of the
random noise realization of the JWST simulation. Main Point: The precision of the mass measurement dictates the accuracy
and precision of the retrieved atmospheric properties.
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Figure 4. Retrieved posterior distributions for TRAPPIST-1e. The schema of the figure is identical to Figure 3. Main Point:
We find that the precision of the mass measurement impacts the accuracy and precision of retrieved atmospheric properties
most strongly for small planets like TRAPPIST-1e.
Next, we move to GJ 436b and GJ 1214b, a Neptune
and a sub-Neptune, respectively. Figure 3 shows the
retrieved posterior probability distributions for all five
cases (known mass, ±20-100% precision level masses,
and unknown mass).
For GJ 436b, accurate metallicities can be retrieved
in all cases (i.e. the true metallicity lies within 2σ of the
retrieved posterior probability distribution). However,
the precision of the retrieved atmospheric parameters
is dependent on how well the mass is known. If the
mass is known to worse than ±20%, the precision on
atmospheric parameters can degrade by up to a factor
of ∼4. At the ±20% mass precision level, the metallicity
constraint approaches that of when the mass is known
(see Figure 3 top panel). The same effect is seen with
temperature.
For GJ 1214b, accurate and precise metallicities and
temperatures cannot be retrieved in all cases. Here, if
the mass is known to worse than ±20% the precision
on atmospheric parameters can degrade by up to a fac-
tor of ∼5. We also find a degradation of accuracy of
retrieved metallicity and temperature for cases where
mass was known to worse than 20% (clearly seen in Fig-
ure 3 bottom panel). The slight preference toward lower
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temperature and lower metallicity is a result of the ran-
dom noise realization of the JWST simulation. The bias
is removed in a test case with 20 ppm error bars on each
data point but zero Gaussian scatter added relative to
the ground-truth forward model.
The right-most column of Figure 3 shows the retrieved
mass posterior distributions when mass was treated as a
free parameter. The shaded region signifies the a prior
value of each case. In all cases the 2σ upper bound
was set by the a priori value. In other words, it was
not possible to constrain the mass or improve the upper
bound of the mass from transmission spectroscopy. In
a few cases, the lower bound of the 2σ constraint could
be slightly improved relative to the a priori value. In
these cases very low gravities could be excluded because
the weak spectral features favored small scale heights,
which corresponds to high gravities (H=kT/µg).
One additional way that mass constraint could be im-
proved, is by increasing the SNR of the spectrum. In
order to test this we double the number of transit obser-
vations for GJ 436 and GJ 1214 to 4 and 6 per observing
mode, respectively. We find that this improvement in
SNR does not lead to significant changes in the precision
or accuracy of the derived mass posteriors. Therefore
we find that for these cases, mass constraints cannot be
greatly improved from transmission spectroscopy alone.
3.3. TRAPPIST-1e
Lastly, we examine the results of the Earth-sized
planet, TRAPPIST-1e, shown in Figure 4. Here we con-
sider the best case scenario of a two gas mixture (H2 and
H2O) in order to place limits on the impact of mass pre-
cision on the retrieved posterior distributions.
The behavior of TRAPPIST-1e matches that of GJ
1214b. A degradation in the precision of mass, directly
impacts the quality of the retrieved atmospheric param-
eters. The precision on the retrieved water abundance
constraint is slightly impacted by the mass precision
when it was known to ±20% level. If the mass is known
to worse than ±20% the precision on atmospheric pa-
rameters can degrade by up to a factor of ∼23. With-
out a mass, only weak inferences can be made on the
water abundance relative to the a priori value because
too many degenerate solutions exist. With regard to re-
trieving the masses directly, we find that the mass con-
straints cannot be greatly improved from transmission
spectroscopy alone.
The overall magnitude of the H2O and tempera-
ture constraint, shown in Figure 4, is optimistic com-
pared with previous retrieval analysis of terrestrial at-
mospheres (Barstow & Irwin 2016; Benneke & Seager
2012; Krissansen-Totton et al. 2018) but comparable
to other analyses of H2O dominated atmospheres (e.g.
Greene et al. 2016). The difference comes from the low
mean molecular weight of H2O, as compared to a more
Earth-like or a Venus-like atmosphere, that works to in-
crease the scale height and strengthen the molecular fea-
tures.
4. DISCUSSION & CONCLUSION
We have conducted a case study of seven planets to
determine the level of planet mass precision required for
robust atmospheric characterization. We have limited
the analysis to focus on transmission spectroscopy with
JWST using NIRISS SOSS and NIRSpec G395H, which
spans roughly 1-5 µm. Our sample consisted of three hot
Jupiters, two warm Neptunes, one warm sub-Neptune,
and one terrestrial-sized planet. Simulations varied with
regard to metallicity, cloud coverage, temperature, and
gravity. For each planet, we conducted retrievals with
varying levels of mass precision. In the control case,
mass was not treated as a free parameter (i.e. known
mass). In other cases, mass was allowed to vary in the re-
trieval by ±20%, ±50%, and ±100% relative to the true
value. Lastly, mass was assumed to be unknown, with
large uniform priors. For each retrieval, we determined
how well atmospheric parameters were constrained in
terms of: 1) whether the mean of the retrieved posterior
probability distribution was centered on the true value
(which we refer to as accuracy), and 2) the magnitude
of the 2σ constraint interval of each retrieved parameter
(which we refer to as precision). Our conclusions are as
follows:
1. In all hot Jupiter cases (which are 1× Solar
metallicity), the retrieved precision and accuracy
of the atmospheric parameters did not depend on
whether or not mass was known. However, there
was a slight degeneracy between retrieved refer-
ence radius and mass, which in some cases led to
a ∼10% overestimate of the true mass. Addition-
ally, in the case of WASP-12b, which had the high-
est degree of cloud coverage, mass could only be
retrieved with a precision of ±30% the true value.
Therefore, even though atmospheric properties of
(low metallicity) hot Jupiters can be determined,
we should not expect to get precise or accurate
mass measurements of hot Jupiters from transmis-
sion spectroscopy alone.
2. In the case of the hot Neptune, HAT-P-26b,
which is slightly enhanced in metals relative to so-
lar (here, 4× Solar), the precision and accuracy
of the retrieved metallicity and temperature were
weakly dependent on whether or not mass was
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known a priori. However, there was a degeneracy
between reference radius and mass, which inhib-
ited accurate retrievals of the planet’s mass.
3. In the case of the warm Neptunes and the
Earth-sized planet, the precision of the mass
measurement dictated the precision with which at-
mospheric properties could be retrieved. At the
±50% mass precision level, accurate but not pre-
cise constraints on atmospheric properties could
be attained. It was only at the ±20% mass pre-
cision level that the accuracy and precision of the
retrieved atmospheric properties approached that
of the control case where mass was known. These
planets are also the planets that are most likely
to lack mass measurements or to have high uncer-
tainties in their measured masses.
4.1. Suggested Best Practices
Although our analysis spanned several different planet
types, it was certainly not exhaustive in terms of the full
diversity of planets that have been discovered. Never-
theless we do not expect our results to change greatly for
different sets of atmospheric assumptions and conclude
this analysis by providing general community recom-
mendations. We recommend caution in conducting any
atmospheric characterization for planets lacking mea-
sured masses. We recommend a ±50% mass precision
level for any initial atmospheric characterization with
JWST or Hubble. Going into an atmospheric character-
ization investigation without any knowledge of a planet’s
mass limits our ability to place appropriate priors on
the atmospheric properties. For example, a low-density
planet would be expected to have a very different at-
mosphere from a high density rocky planet of the same
size. Without prior knowledge of a planet’s mass, it is
therefore difficult to appropriately plan observations (in
terms of e.g. making signal-to-noise predictions), on top
of limiting our ability to correctly interpret the observa-
tions once they are obtained.
Lastly, although accurate atmospheric parameters can
be retrieved at the ±50% level, the width of the poste-
rior is impacted by the mass uncertainties. Therefore,
for any detailed atmospheric characterization, we recom-
mend masses be improved to ±20% so that the atmo-
spheric constraints are only limited by the spectroscopic
data quality itself.
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